
NAVIC:A’1’ION l)l’;hd ONS”l’ltAg’10NS  011’ PIW;CISION S/X-llANI)
l{.ANC; ING WI!III1 ‘J’] 11; IJI,YSSII;S S1’AC;I’;CILAII”J’

‘J’. P, Mcl’;lrat]],  S. W. ‘J’lIWINW) 1{. E. ~ricldlc,  a~ld V. M. l’oll]ncim

Jd Propulsiml  1,aboratory,  Glifomia lllstitutc  of ‘J’cclInology
4800 oak GrcnTc IIrivc, l’asadcl]a, CA 91109

Wl]ilc Earth orbiting s])ac.c,craft Ilavigat,ioli  has mutillcly  bccll able to usc various sorts
of ra]]gc data at accumcics of 2 mdcm or l.xitlcr,  illtlcrl)la]]ctals~~  qmcccraft ]lavigat,icm usil]g
k)llg data al’c’s has l]ad  to artificially dcwcigl]t ralqy  clata  to 1 kilometer cn ]ncm, duc tc)
diflicxdtie.s  in day-to-day variability  of  static)]]  bias efrc!cts  al]cl  Ulllllc)clc!llc!d  S])acccraft  llc)ll-

gravitatim)al  awc)lcmitimls. lkcwltl  l)a] xm llavc:  briefly dcscril>ccl a tccl]l]iquc:  fc)r aclcquatcly
lnodd]ing  rm]gc b i a s e s  ancl s])accmaft  accdcraticn]s ill n ]na]]]lcr that  ])cnnits  tllc raugc
clda to ~]t, to the: illtra-]mss data scattu, wlli]c  still  rctlainillg  tllc radio  dircct,im]  fi]ldil]g
ca]mbility  inhcrcllt  in rw]gc: data talw] fro]]l wide ly  sclmratccl staticnls  (I{cfcrcnccw  1, 2).
‘J’l]is pnpcr a]q~lics this tccln]iqllc? tc) two il]tcrcsti]]g  arcs of UlyssCs range clata  a]lcl  cm]ti]]ucs
to dcn’clol)  it to cnccn]]]mss  all sqmratiol]  angles from tlllc Sun.

~’hc Ulysscw ]nissio]]  is a cc)cq)crativc  ]wojcct of hTA SA m]cl tllc Fhlm])can Slmcc  Agcllcy
(YXA ). ‘1’IIc s])acccraft  is a sc.ic]~cc ]>rolx  dcxignd  to lnc:asum  cl~argcd  a]]c} ]]cutral l)artic.lcs,
I I ] agllciic  flclds,  clc:ct  xwmag; nct(ic  waves , and dtravic)lct ancl X-ray cmissicms  frcm tllc l)c)lc:s
o f  tl]c  SIU1 w]d  tlhc IIdicxl)llc]ic  cmvilml]]]]cl]t  abcn’c tl]c  dil)tic  l)la]]ct. l“ollcnvi]]g  its laullcl]
ill  Octc)lmr,  1990,  tllc Ulysses  slmccc.raft, Ilsccl a gravi ty assis t  f]wl]  J u])itcr CUI l’cbruary
8, I 992,  tic) rotate> its orl)it  ]danc 80 dcg;rccs out, of tllc cxlil)tic,  allowi]]g  the s]mccxraft,  to
Slmld  a t,c)ta]  of 2,34 days mm tllc NTortl] a)id  Scmt]l l)cdar  rcgim]s  of the Sun ill 1 !394-95.

‘J’lIc ])lilllary s])acccraft,  radic?  systc]n  i s  all S-l)ancl  ul)li]]l: ( 2 . 1  Gl]z) a]]cl X-lml]cl
domu]li]]k  (S,4 GIIX),  wl]ich  is lmd f o r  do]q)lcr  a]]cl rang;c IIlc:lslllclllcl]ts,  a s  WC1l a s  fcm
scic]]t,ific and cngi]]ccn”illg  tfclclnctry. 1 iaclicm]ctric  clat(a  a.lld tclclnctry  arc obtai]lcd  by t,] N
tracking  staticnls  c)f tllc NASA/Jl)l, I)cc])  SIJac.c ATctwmk (J ISiN). Wllilc ]~ot as il]sc)lsitivc
to clltlrgc(l-l);l]ticlc  dis])crsions  as aII X-kIIId  ll])li]ll;/(lc)I!r]]li]]k  systcm, tlIc  U l y s s e s  radio
systcln  l]as sllcmll  rallgillg  and dop]~lcr  ])c:rfolllli~]lcc  al)])mac.llilig  tllatl o f  al] X /X- bal]cl
s}wtcll”l.  Vl,lj] d a t a  IIavc alsc) Lc:c]] ol~taincd  at, X-1.)all(l  wlicn tllc sl)acccraft radio  Sigllill

v~:is  ] )ro] )crly  ccmfigul>ccl. ‘J’hc  Ulysses S/X-lM])d  ra]]gc, dol)plcr,  a]]d VI,IJ1 data ccmlprisc
tllc best data M available for ally c.llnu~t ]]lissicnl, a]](l will lwlniii]]  so u]]ti] tllc capabilitim
C)f N4?JI’S  OIJSCI>VC1’  arc fully  l~alizcc{,

‘J’wo ])l]ascs  of tl]c  Ulysses l]]issicn]  to [ink will l)c cxalnind  ill this ])a])cr.  ‘1’llc l]~ost
cl]allcl]gi]]g  ]]avigation  1’C!qUil’CIJICIJtS  ty])icdly  C)c.c.111’  at p l a n e t a r y  CIJCC)U1ltC1’S.  lJlysscs  is lJC)

cxccptio]],  so tllc:  pcrfon]lal]cc  C)f ral]gc slid Clo])]jlcr  clat,a  usi]]g  tllc llcw t,cc]]]liquc  w i l l  l)c
cmJ-Jpiwxl  tc) V],] 11- basccl  scduticnls  clulillg  tllc Jul)itc!r  a]~])macll  ]>llasc,  l’rdilllil~ary  rcs~~lt,s
i]]dicatc  tl]at 3-G ]nm]th arcs of clopl)lcr  and ra]]gc data aroul]d  c]]ccm]]tfcr  call lx fltf to a)]
lih4S sc.attc] (fen ra]]gc data) of abmlt,  t]la]] 1 IJlct,cl’  (] a), as i]]ustratcd  by ]{’ig;urc ] , w]lic]J

])lois  tl]c  ra]lgc residuals  from a IJlysscs  sol~~tiol]  Lad cn] a six- mmltl] data arc cxn]tcd
011 Ju])itc:r  c]]coul]tcx, ‘J’llc rallgc: ?111(1  dc)l)l)lcr  bad solllticn] a c c u r a c y  a]sc) al)l)calx  to lx!
c.o]lllmlwblc  with t]]at of Vl,lll-1.mscd  soluticn]s,  as i]]itfial]y  ciiscussccl in Rcfcrcl]cc:  3.
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‘J’l]c lllysscs  Jupitm  cllcomltcr ocmrrcd at solar ol)position,  which is a very favoral~]c
tilnc for radio  tracking. l’uturc lnissions  ]nay  IIot lm as fortullatc,  lmssihly  ]lcccling  h i g h
llHVig;[itiC)ll  acc.Llracy  C]OSC! to solar  Colljullctioll. ‘1’lIc  sccoIId U l y s s e s  d a t a  arc s t u d i e d  ill-

cludcs  tllc first Ulysses solar c.olljmlctioll  wl]ic])  oc.currcd  ill August, 1991. ‘J’hc  ability of
t h e  rm]gc da ta  filtcri)]g tcclllliquc  to accomodak  tllc s o l a r  l)lasma cfl’cck  usilg c.mvxmt
or  llcw mctlmcls wil l  lx asscssd  cm:r  tl~is arc with tl~c lilnitcd  alnoulltf  of dual frequcnlcy
dowlllillk  (S/X-lxiIId)  da ta  aIJd  11’cll-clctc:rlllillccl  soluticms  froln hcforc  and a f te r  the  data
al’c.

Tllis ]mpcr, along  with the listed rcfcm]ccs, will cdargc tlic curm]t cxpcricncc  base,
which il]dic.atlcs  tl]atl rmgc data cm] ]wovidc  a sig]]ifica]lt  amount of spacecraft angular IKE
sitioll  inforlnatioll,  t]lis adding  c.ollsidcral~lc  flcxibilit,y  to lnissicm  ldallllillg  Wl]cll  coml)al’cd
to tl)c previous practice of dc])cllding  cntirc]y 011 either dopplcr  data or VIJIII  data for this
fullc.tion.  Wit]] this illforlnatioll,  future ]Ilissio]ls  such as tllc Mars h;llvil[)ll)l~cllt,al  Survey
l’atllfilldcr  will bc al.)lc to dctcrlnillc  wit]l  lligll Col)fi[lcncc wllctllcl  or IIot ra)]gc data a]lcnvs
tllcir lmvigat,icmal  rcquimncllts  to k lncto
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